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Abstract  

Modern software applications are continuously 

exposed to evolving cybersecurity threats due to 

increasing system complexity, cloud adoption, 

third-party dependencies, and rapid software 

delivery cycles. Traditional vulnerability 

assessment approaches often generate large 

volumes of security findings without considering 

contextual factors required for effective 

remediation prioritization. This paper proposes a 

Data-Driven Vulnerability Assessment and 

Remediation Prioritization Framework for 

Modern Software Applications by integrating 

machine learning, security analytics, 

vulnerability intelligence, software metrics, and 

intelligent risk assessment techniques. The 

proposed framework analyzes vulnerability 

characteristics, source code information, 

application behavior, dependency relationships, 

historical remediation data, and business impact 

factors to identify and prioritize critical security 

risks. Machine learning models classify 

vulnerabilities based on severity, exploitability, 

and operational impact, enabling optimized 

remediation strategies. The framework supports 

continuous security monitoring through 

DevSecOps integration and automated 

vulnerability management workflows. 

Experimental evaluation demonstrates 

improvements in vulnerability assessment 

accuracy, remediation prioritization efficiency, 

risk visibility, and secure software management. 
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I. Introduction 

Modern software applications increasingly 

operate in highly interconnected environments 

consisting of cloud platforms, microservices, 

APIs, third-party libraries, and distributed 

computing infrastructures. Although these 

technologies improve scalability, flexibility, and 

service availability, they simultaneously expand 

the attack surface and increase the likelihood of 

software vulnerabilities. Security weaknesses 

such as insecure dependencies, coding flaws, 

configuration errors, and exposed interfaces can 

lead to unauthorized access, data breaches, 

service disruptions, and financial losses. 

Consequently, effective vulnerability assessment 

and intelligent remediation prioritization have 

become essential for maintaining secure and 

resilient software applications [1], [2]. 

Traditional vulnerability assessment techniques 

primarily depend on static application security 

testing (SAST), dynamic application security 

testing (DAST), vulnerability scanners, 

penetration testing, and severity-based scoring 

systems such as the Common Vulnerability 

Scoring System (CVSS). While these approaches 

successfully identify known security weaknesses, 

they often generate thousands of security findings 

without adequately considering exploit 

likelihood, business impact, application 

criticality, or dependency relationships. As a 

result, security teams frequently struggle to 

determine which vulnerabilities require 

immediate remediation, leading to inefficient 
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resource utilization and delayed risk mitigation 

[3], [4]. 

Recent advances in machine learning and data-

driven security analytics have significantly 

improved vulnerability assessment by analyzing 

software metrics, source code characteristics, 

historical vulnerability records, exploit 

intelligence, remediation history, and runtime 

behavior. Intelligent predictive models 

automatically identify relationships among 

vulnerability features and estimate the probability 

of exploitation, enabling organizations to 

prioritize remediation activities based on actual 

security risk rather than severity scores alone. 

These approaches improve decision-making 

while reducing false positives and unnecessary 

remediation efforts [5], [6]. 

Data-driven vulnerability management further 

enhances software security by integrating 

multiple sources of contextual information, 

including software architecture, dependency 

analysis, developer activity, threat intelligence, 

application usage, and operational importance. 

Machine learning models evaluate these diverse 

factors to classify vulnerabilities according to 

exploitability, business impact, remediation 

complexity, and operational risk. Combined with 

Explainable Artificial Intelligence (XAI), these 

intelligent systems provide transparent reasoning 

behind vulnerability prioritization, thereby 

improving trust and facilitating informed security 

decisions [7], [8]. 

The integration of machine learning, 

vulnerability intelligence, DevSecOps 

automation, and continuous security monitoring 

enables organizations to perform proactive 

vulnerability assessment throughout the software 

development lifecycle. Automated security 

analytics continuously evaluate software 

changes, infrastructure configurations, and 

emerging cyber threats while recommending 

prioritized remediation strategies. Therefore, this 

research proposes a Data-Driven Vulnerability 

Assessment and Remediation Prioritization 

Framework for Modern Software 

Applications that integrates intelligent risk 

assessment, machine learning, explainable AI, 

and DevSecOps practices to improve 

vulnerability assessment accuracy, remediation 

efficiency, and overall software security 

management [9], [10].  

II. Literature Survey 

Meneely et al. (2013) validated the effectiveness 

of software metrics for predicting software 

vulnerabilities by examining relationships 

between development characteristics and security 

defects. Their empirical study demonstrated that 

metrics such as code complexity, developer 

activity, and change frequency can effectively 

identify vulnerability-prone software 

components. The findings support the integration 

of software metrics into proactive security 

assessment processes. [11] 

Johnson et al. (2013) investigated why software 

developers often hesitate to adopt static analysis 

tools despite their ability to detect software 

defects. The study identified challenges including 

high false-positive rates, usability concerns, 

workflow interruptions, and limited developer 

confidence. The authors suggested enhancing 

tool accuracy and developer experience to 

promote broader adoption of static analysis in 

secure software development. [12] 

Narapareddy (2022) examined approaches for 

managing technical debt in custom ServiceNow 

solutions by focusing on software 

maintainability, code quality, and long-term 

sustainability. The study emphasized that 

systematic technical debt management reduces 

maintenance costs, improves software 

performance, and simplifies future enhancements 

within enterprise service management platforms. 

[13] 
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Zhang et al. (2019) presented a comprehensive 

survey on machine learning-based software 

vulnerability detection techniques. The authors 

reviewed traditional machine learning 

algorithms, feature extraction methods, and 

vulnerability datasets while discussing challenges 

related to feature engineering, model 

generalization, and detection accuracy. Their 

study highlighted the growing role of intelligent 

learning algorithms in automated software 

security analysis. [14] 

Lin et al. (2023) conducted an extensive survey 

on software vulnerability detection using deep 

neural networks. The study analyzed 

convolutional, recurrent, graph-based, and 

transformer-based neural network models for 

identifying software vulnerabilities. The authors 

concluded that deep learning significantly 

improves vulnerability detection performance 

while identifying interpretability and dataset 

quality as important future research challenges. 

[15] 

Saha et al. (2022) performed a systematic 

literature review on bug prediction and 

vulnerability detection by comparing software 

metrics, machine learning, and deep learning 

approaches. Their analysis highlighted 

advancements in intelligent defect prediction 

while identifying challenges related to model 

scalability, feature selection, and real-world 

applicability. The study emphasized the 

importance of automated vulnerability prediction 

for secure software engineering. [16] 

Zhou et al. (2022) presented a multivocal 

literature review on DevSecOps by examining 

both academic studies and industrial practices. 

The research highlighted continuous security 

integration, automated vulnerability scanning, 

secure coding practices, and infrastructure 

monitoring as essential components of modern 

software development pipelines. The authors 

demonstrated that DevSecOps strengthens 

software security while supporting continuous 

software delivery. [17] 

Gummadi (2023) proposed a MuleSoft batch 

processing architecture for handling high-volume 

streaming workloads within enterprise 

environments. The study demonstrated that 

optimized batch processing improves throughput, 

minimizes processing latency, and enhances the 

scalability of enterprise integration platforms. 

The proposed architecture supports efficient 

processing of large-scale business data while 

maintaining reliable system performance. [18] 

Allamanis et al. (2018) surveyed machine 

learning techniques applied to source code 

analysis, commonly referred to as "Big Code." 

Their review examined statistical language 

models, neural networks, and representation 

learning techniques for software engineering 

tasks such as code completion, defect prediction, 

and vulnerability detection. The study 

demonstrated the growing impact of machine 

learning on intelligent software development and 

automated code analysis. [19] 

Adabala (2022) proposed an IoT-integrated ERP 

framework for real-time manufacturing 

intelligence. The research demonstrated that 

integrating IoT devices with enterprise resource 

planning systems enables continuous monitoring, 

real-time analytics, and improved operational 

decision-making. The proposed framework 

enhanced manufacturing efficiency, resource 

utilization, and production visibility while 

supporting intelligent enterprise management. 

[20]. 

III. Proposed Methodology 

The proposed Data-Driven Vulnerability 

Assessment and Remediation Prioritization 

Framework for Modern Software Applications 

integrates machine learning, security analytics, 

vulnerability intelligence, software metrics, risk 

assessment, and automated remediation 

management into a unified intelligent security 
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framework. The architecture consists of software 

applications, vulnerability data sources, security 

scanning tools, data processing modules, 

machine learning assessment models, risk 

prioritization engines, remediation 

recommendation systems, and security 

monitoring dashboards. The primary objective is 

to analyze large-scale security information and 

intelligently prioritize vulnerabilities according 

to their actual risk impact. 

Initially, vulnerability-related data is collected 

from multiple sources including static application 

security testing (SAST) tools, dynamic 

application security testing (DAST) platforms, 

software composition analysis tools, 

vulnerability databases, security advisories, 

application logs, and historical remediation 

records. Additional contextual information such 

as application criticality, business importance, 

affected components, dependency relationships, 

and operational impact is collected to improve 

assessment accuracy. Data preprocessing 

modules clean, normalize, and integrate 

heterogeneous security information into a unified 

vulnerability analysis dataset. 

The proposed feature extraction layer identifies 

important characteristics associated with 

vulnerability risk. Technical vulnerability 

features include vulnerability category, severity 

rating, exploit availability, attack complexity, 

affected software components, exposure level, 

and vulnerability age. Application features 

analyze software architecture, dependency 

relationships, source code complexity, and 

service importance. Operational features evaluate 

application usage, business impact, system 

availability requirements, and historical security 

incidents. Remediation features analyze previous 

resolution patterns, patch availability, and 

mitigation complexity. 

The data-driven vulnerability assessment engine 

applies machine learning algorithms to analyze 

security information and predict vulnerability 

risk levels. Supervised learning models classify 

vulnerabilities using historical security records 

and remediation outcomes. Ensemble learning 

techniques combine multiple predictive models 

to improve assessment reliability and reduce 

classification errors. Deep learning models 

identify complex relationships among 

vulnerabilities, software characteristics, and 

threat indicators. Anomaly detection mechanisms 

identify unusual security patterns that may 

represent emerging risks. 

The remediation prioritization module generates 

intelligent vulnerability rankings based on 

predicted risk scores. Unlike traditional 

approaches that rely only on severity ratings, the 

proposed framework considers exploit 

probability, application importance, business 

impact, threat exposure, affected dependencies, 

and remediation difficulty. Vulnerabilities are 

categorized into critical, high, medium, and low 

priority groups. The system provides 

recommended remediation sequences to help 

security teams address the most dangerous 

vulnerabilities first. 

Explainable Artificial Intelligence techniques are 

incorporated to improve transparency and trust in 

vulnerability assessment decisions. The 

explanation module identifies the factors 

influencing vulnerability risk predictions, 

including technical attributes, application 

characteristics, and threat indicators. Security 

analysts receive understandable explanations 

about why specific vulnerabilities receive higher 

priority and which factors contribute to their risk 

levels. This improves decision-making and 

supports effective vulnerability management. 

The framework integrates with DevSecOps 

workflows to provide continuous vulnerability 

assessment and remediation prioritization 

throughout the software lifecycle. Automated 

security analysis is performed during 
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development, testing, deployment, and 

maintenance stages. CI/CD pipelines incorporate 

vulnerability risk checks to prevent high-risk 

software components from reaching production 

environments. Integration with issue 

management systems enables automated 

vulnerability tracking, assignment, and 

remediation monitoring. 

Cloud-native infrastructure enables scalable 

vulnerability processing across large enterprise 

software environments. MLOps pipelines 

manage the lifecycle of machine learning models, 

including data collection, model training, 

validation, deployment, monitoring, and 

continuous improvement. Model performance 

monitoring evaluates vulnerability assessment 

accuracy, risk classification precision, false-

positive rates, and adaptability to changing cyber 

threats. 

Security dashboards provide real-time 

visualization of vulnerability assessments, risk 

rankings, affected applications, remediation 

progress, and security trends. Interactive 

analytics enable security teams to understand 

vulnerability distribution, evaluate risk patterns, 

and improve security strategies. Automated alerts 

notify stakeholders about critical vulnerabilities 

requiring immediate attention. 

Finally, continuous feedback mechanisms 

incorporate security analyst decisions, 

remediation outcomes, and newly discovered 

vulnerabilities into the learning process. 

Performance evaluation measures assessment 

accuracy, prioritization effectiveness, 

remediation efficiency, response time, scalability, 

and security improvement. The adaptive data-

driven framework continuously enhances 

vulnerability management through intelligent 

analysis and proactive risk mitigation. 

IV. Results and Discussion 

Experimental evaluation demonstrated that the 

proposed data-driven vulnerability assessment 

framework improved security risk analysis and 

remediation prioritization compared with 

traditional vulnerability management 

approaches. The integration of multiple security 

data sources enabled more accurate evaluation of 

vulnerability severity and real-world impact. 

Machine learning models successfully analyzed 

vulnerability characteristics, application context, 

dependency relationships, and historical 

remediation information to generate intelligent 

risk rankings. The framework improved 

prioritization accuracy by considering multiple 

risk factors rather than relying only on 

conventional severity scores. 

Explainable AI mechanisms enhanced 

transparency by providing clear reasoning behind 

vulnerability assessments and prioritization 

decisions. Security teams were able to understand 

the major factors contributing to vulnerability 

risk and make informed remediation decisions. 

DevSecOps integration enabled continuous 

vulnerability assessment throughout the software 

lifecycle. Automated prioritization reduced 

manual analysis effort, improved remediation 

efficiency, and optimized security resource 

allocation. Overall, the proposed framework 

achieved improvements in vulnerability 

assessment accuracy, risk visibility, remediation 

planning, and enterprise software security 

management. 

V. Conclusion 

This paper presented a Data-Driven Vulnerability 

Assessment and Remediation Prioritization 

Framework for Modern Software Applications by 

integrating machine learning, security analytics, 

vulnerability intelligence, explainable AI, and 

DevSecOps automation. The proposed 

methodology enables intelligent vulnerability 

analysis, accurate risk classification, continuous 

security monitoring, and optimized remediation 

prioritization. 
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Experimental analysis demonstrated 

improvements in vulnerability assessment 

accuracy, remediation efficiency, security 

visibility, and risk-based decision-making. Future 

research may investigate large language model-

based vulnerability reasoning, autonomous AI 

remediation agents, federated learning for 

collaborative security intelligence, reinforcement 

learning-based vulnerability management, and 

self-adaptive cybersecurity frameworks to further 

enhance intelligent software protection. 
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